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The	
   impact	
  of	
   rising	
  atmospheric	
  carbon	
  dioxide	
   (CO2)	
  
levels	
  is	
  a	
  real	
  concern	
  for	
  our	
  generaQon.	
  Biochar	
  (Bc)	
  
technology	
   is	
   emerging	
   as	
   a	
   plausible	
   soluQon	
   for	
  
sequestering	
   carbon	
   in	
   soils.	
  One	
  of	
   the	
   criQcal	
   issues	
  
facing	
   Bc	
   research	
   is	
   the	
   lack	
   of	
   analyQcal	
   techniques	
  
that	
  not	
  only	
  characterize	
  Bc	
  but	
  also	
  link	
  the	
  analyQcal	
  
properQes	
   to	
   its	
   environmental	
   funcQonality.	
   The	
   goal	
  
of	
  this	
  study	
  was	
  to	
  evaluate	
  the	
  biodegradaQon	
  rate	
  of	
  
Bc	
   in	
   a	
   mixed	
   biochar-­‐soil	
   system	
   in	
   relaQon	
   to	
   the	
  
naQve	
   soil	
   organic	
   carbon	
   (SOC)	
   using	
   a	
   13C	
   tracer	
  
technique.	
  We	
  then	
  linked	
  the	
  biodegradaQon	
  behavior	
  
to	
  the	
  thermochemical	
  nature	
  of	
  the	
  Bc.	
  	
  

Switchgrass	
   (Panicum	
   virgatum)	
   biochar	
   (Bc)	
   was	
  
generated	
   at	
   400°C	
   via	
   slow	
   pyrolysis	
   in	
   a	
   furnace	
  
flushed	
   with	
   nitrogen	
   gas.	
   A	
   mulQ-­‐element	
   scanning	
  
thermal	
   analysis	
   (MESTA)	
   technique	
   was	
   used	
   to	
  
characterize	
  the	
  thermochemical	
  properQes	
  of	
  the	
  Bc.	
  
Respired	
  CO2	
  was	
  collected	
  for	
  13CO2	
  analysis	
  from	
  the	
  
following	
  soil	
  incubaQon	
  condiQons:	
  control	
  forest	
  soil	
  
(0%	
  Bc),	
  1%	
  Bc	
  (1g	
  Bc	
  in	
  100g	
  of	
  soil,	
  dry	
  weight),	
  3%	
  
Bc,	
   and	
   raw	
   feedstock	
   (4%	
   switchgrass).	
   13CO2	
   was	
  
measured	
  using	
  wavelength-­‐scanned	
  cavity	
  ring-­‐down	
  
spectroscopy	
   (Picarro,	
   Inc	
   13CO2	
  analyzer).	
   A	
   two-­‐end	
  
member	
   mixing	
   model	
   with	
   13C	
   tracers	
   was	
   used	
   to	
  
measure	
   the	
   biodegradaQon	
   rates	
   of	
   the	
   naQve	
   SOC	
  
and	
  Bc	
  in	
  the	
  mixed	
  biochar-­‐soil	
  system.	
  

Fig	
  1.	
  (a)	
  Soil	
  respiraQon	
  jars	
  capped	
  with	
  two-­‐port	
  stopper.	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
(b)	
  These	
  air-­‐Qght	
  connectors	
  and	
  air	
  bags	
  were	
  used	
  to	
  sample	
  the	
  
head	
  space	
  gas	
  without	
  changing	
  the	
  pressure	
  condiQons	
  in	
  the	
  jars.	
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Fig	
   5.	
   Changes	
   in	
   the	
   proporQon	
   of	
   Bc-­‐carbon	
   (a)	
   and	
   naQve	
   SOC	
   (b)	
   in	
   the	
   low-­‐temperature	
   and	
   high-­‐
temperature	
  regions	
  of	
  the	
  1%	
  Bc-­‐soil	
  treatment	
  aher	
  6	
  months	
  of	
  incubaQon	
  (based	
  on	
  the	
  13C	
  signature	
  
of	
  the	
  carbon).	
  	
  

Fig	
   3.	
   (a)	
   Total	
   respiraQon	
  
rate	
  of	
  the	
  control,	
  1%	
  and	
  
3%	
  Bc	
  treatments,	
  and	
  the	
  
Bc	
   fracQon	
   of	
   the	
   total	
  
respiraQon	
   rate.	
   (b)	
  
BiodegradaQon	
   rate	
   of	
  
naQve	
   SOC	
   in	
   the	
   control	
  
and	
   Bc	
   treatments.	
   (c)	
  
BiodegradaQon	
   rate	
   of	
   Bc	
  
in	
  the	
  1%	
  and	
  3%	
  biochar-­‐
soil	
  treatment.	
  

Fig	
  2.	
  Two-­‐end	
  member	
  mixing	
  model	
  based	
  on	
  13C	
  signature	
  of	
  
forest	
  soil	
  (-­‐26	
  per	
  mil,	
  100%	
  SOC)	
  and	
  switchgrass	
  (-­‐14	
  per	
  mil,	
  
100%	
  Bc).	
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Thermochemical	
  Characteriza>on	
  of	
  a	
  Biochar	
  in	
  Rela>on	
  to	
  
its	
  Biodegrada>on	
  in	
  Soil	
  

• 	
  priming	
  effect	
  in	
  Bc-­‐soil	
  treatments	
  was	
  short-­‐lived	
  
and	
  solely	
  due	
  to	
  Bc	
  carbon	
  mineralizaQon	
  

• 	
  decomposiQon	
  of	
  SOM	
  was	
  not	
  accelerated	
  with	
  Bc	
  
applicaQon	
  

• 	
   biodegradaQon	
   of	
   Bc	
  was	
   not	
   proporQonal	
   to	
   the	
  
applicaQon	
  rate	
  (3%	
  not	
  significantly	
  higher	
  than	
  1%)	
  

• 	
  Bc	
  degradaQon	
  (mineralizaQon)	
  was	
  minimal	
  during	
  
the	
  310	
  day	
  incubaQon	
  period	
  

• 	
  switchgrass	
  biochar	
  contains	
  a	
  higher	
  proporQon	
  of	
  	
  
thermally	
  stable	
  carbon	
  than	
  labile	
  carbon	
  

•  	
   the	
   two	
   pools	
   of	
   carbon	
   in	
   Bc	
   and	
   naQve	
   SOC	
  
degrade	
  at	
  different	
  rates	
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This	
  short	
  term	
  study	
  suggests	
  that	
  we	
  are	
  able	
  to	
  link	
  
the	
   biodegradaQon	
   behavior	
   to	
   the	
   thermochemical	
  
properQes	
  of	
  Bc	
  in	
  a	
  soil	
  system.	
  By	
  conQnuing	
  with	
  this	
  
study	
  we	
  hope	
  to	
  confirm	
  this	
  relaQonship,	
  which	
  may	
  
enable	
  us	
  to	
  predict	
  the	
  	
  mean	
  resident	
  Qme	
  of	
  a	
  given	
  
Bc	
   in	
   soils	
   using	
  MESTA	
   rather	
   than	
   through	
  a	
   lengthy	
  
incubaQon	
  study.	
  

Fig	
   4.	
   MESTA	
   thermogram	
   of	
   400°C	
   switchgrass	
   Bc	
   and	
   the	
   control	
   forest	
   soil	
   (a),	
   and	
   the	
   1%	
   Bc	
  
treatment	
  iniQally	
  and	
  aher	
  6	
  months	
  incubaQon	
  (b).	
  

The	
  total	
  respiraQon	
  rates	
  (Fig	
  3a)	
  of	
  the	
  1%	
  and	
  3%	
  Bc	
  treatments	
  were	
  only	
  significantly	
  different	
  from	
  the	
  control	
  during	
  the	
  first	
  12	
  weeks	
  (iniQal	
  
priming	
   period).	
   The	
   biodegradaQon	
   rate	
   of	
   naQve	
   SOC	
   in	
   the	
   1%	
   and	
   3%	
   treatments	
   was	
   not	
   significantly	
   different	
   from	
   the	
   control	
   (Fig	
   3b),	
  
suggesQng	
  that	
  Bc	
  applicaQon	
  did	
  not	
  accelerate	
  naQve	
  soil	
  organic	
  maeer	
  decomposiQon.	
  As	
  such,	
  the	
  iniQal	
  short-­‐term	
  increase	
  in	
  total	
  respiraQon	
  
rate	
  appears	
  to	
  be	
  from	
  the	
  decomposiQon	
  of	
  Bc	
  in	
  the	
  mixed	
  biochar-­‐soil	
  treatments	
  (Fig	
  3a).	
  The	
  biodegradaQon	
  rate	
  of	
  Bc-­‐carbon	
  (mgCO2-­‐C/g	
  Bc-­‐
C/day)	
  in	
  both	
  the	
  1%	
  and	
  3%	
  treatments	
  was	
  very	
  low	
  (Fig	
  3c)	
  and	
  contributed	
  very	
  liele	
  to	
  the	
  total	
  respiraQon	
  rate	
  (Fig	
  3a).	
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The	
  MESTA	
  thermogram	
  indicates	
  that	
  the	
  carbon	
  in	
  the	
  control	
  soil	
  can	
  be	
  divided	
  into	
  
two	
  peaks,	
  corresponding	
  to	
  a	
  low	
  temperature	
  region	
  (<425°C)	
  and	
  a	
  high	
  temperature	
  
region	
  (>	
  425°C).	
  Switchgrass	
  Bc	
  contains	
  a	
  higher	
  proporQon	
  of	
  high-­‐temperature,	
  stable	
  
carbon	
  than	
  low-­‐temperature,	
  less	
  stable	
  carbon	
  (Fig	
  4a).	
  The	
  carbon	
  thermogram	
  of	
  the	
  
1%	
  mixed	
  Bc-­‐soil	
   treatment	
   is	
   addiQve	
   indicaQon	
   that	
   no	
   interacQon	
  occurred	
  between	
  
the	
  SOC	
  and	
  Bc-­‐C	
  (Fig	
  4b).	
  

IniQally,	
   the	
   1%	
   BC	
   treatment	
   consisted	
   of	
   6.00%	
   BC	
   carbon	
   in	
   the	
   low	
   temperature	
  
region	
  and	
  10.25%	
   in	
   the	
  high	
   temperature	
   region.	
  Aher	
  6	
  months	
  of	
   incubaQon	
   the	
  
percentages	
  of	
  BC	
  carbon	
   increased	
  to	
  9.30%	
  and	
  27.99%,	
  respecQvely,	
   indicaQng	
  the	
  
differenQal	
  biodegradaQon	
   rates	
  between	
  Bc	
  and	
   the	
  naQve	
  SOM	
  carbon.	
  The	
   results	
  
from	
  the	
  13C	
  analysis	
  are	
  consistent	
  with	
  our	
  CO2	
  soil	
  respiraQon	
  results.	
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